The objective of the present study was to evaluate the effect of four water salinity levels on the ingestive behavior of non-castrated crossbred Santa Inês sheep. Thirty-two non-castrated crossbred Santa Inês sheep in feedlot, at seven months of age and initial average weight of 21.76±1.25 kg, were used in the experiment. The experimental design was completely randomized, with four treatments and eight replicates. Four concentrations of salts in the water fed to the animals were evaluated: low (640 mg/l); medium (3,188 mg/l); high (5,740 mg/l) and very high (8,326 mg/l) levels of total dissolved solids (TDS). For the ingestive behaviors, the animals were observed every ten minutes, for 24 hours, to determine the time spent feeding, ruminating and idle. Also, cud chewing and the average number of defecations and urinations and the frequency of water ingestion were determined. The time spent feeding, ruminating and idle were not changed by the salinity levels in the water. Dry matter intake, neutral detergent fiber intake, total chewing time, total cud chews per day, number of daily meals, average duration of each meal and number of defecations per day did not change either. However, feeding and rumination efficiency in grams of DM/h, water intake and number of urinations were linearly affected, whereas the variables rumination efficiency in grams of NDF/h, grams of dry matter per cud, grams of neutral detergent fiber per cud, number of cuds, number of chews per cud and chewing time per cud presented quadratic effect. The different levels of total dissolved solids (640; 3,188; 5,740; and 8.326 mg/l) in the water fed to the sheep did not cause alterations in their ingestive behavior. In conclusion, water with up to 8,326 mg TDS/l can be an alternative strategic and seasonal method to water crossbred Santa Ines sheep.
Introduction
Scarcity or lack of drinking water for human and animal consumption is one of the main obstacles to the survival and improvement of the quality of life in rural populations of arid and semi-arid regions. In rural areas, it is common to find men and animals sharing the same source of water, which compromises not only the quality of this water but also aggravates the health problem of the man of the country.
Long have solutions to the problem of water availability in the Brazilian Northeast semi-arid region been studied, but it appears that the adopted measures have not solved the problem. Digging wells in semi-arid regions is one of the many attempts to minimize the water-scarcity problem; however, this practice is associated with problems related to salinity of groundwaters (PORTO et al., 1997) .
The groundwater found in the Brazilian Northeast semi-arid region is highly variable, containing water with different mineral concentrations, which range from 0.00002 or 0.0128 mg/l of TDS to 75 dS/m or 48,000 mg/l of TDS (CPRM, 2012) , and good quality regarding the electric conductivity; and saline waters, which are improper for human consumption. These unsuitable waters for consumption can be utilized to water animals in times of scarcity or even under water shortages, so it is necessary to know the maximum concentration of salts animals can tolerate in these saline waters found in artesian wells in the Brazilian Northeast.
Small ruminants, especially sheep and goat, play important social and economic roles in many nations, especially in the semi-arid region of the Brazilian Northeast, due to their adaptive characteristics to adverse environmental conditions and good efficiency in using water. However, the adequate supply of water in animal production is important so as to meet the requirements of the animals and maintain their welfare, which promotes their development and weight gain.
Studying the ingestive behavior is an important tool for evaluating the animal response to certain diets, because it allows for understanding the factors acting on the regulation of the intake of feed and water, thus making it possible to establish adjustments in the feeding management of animals aiming at better productive performance (CARVALHO et al., 2004; MENDONÇA et al., 2004) . Therefore, strategies in the elaboration of diets, to meet the different production systems, in the arid and semi-arid environments, are of utmost importance, since these regions present low forage availability and one of the most scarce essential elements for life is water.
Given the above, the objective of this study is to evaluate the effect of water salinity levels on the ingestive behavior of uncastrated crossbred Santa Inês sheep.
Materials and Methods

Local and animals
The experiment was conducted in the Animal Metabolism Sector of the Experimental Caatinga Field of Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA), located in the municipality of Petrolina/PE, Brazil, in the semiarid region. The climate is classified, according to Köppen, as Bsh'w, with average annual precipitation of 570 mm and average maximum and minimum annual temperatures of 33.46 and 20.87 ºC, respectively (EMBRAPA, 2011) .
Thirty-two uncastrated, crossbred, confined Santa Ines sheep with approximate age of seven months and average initial weight of 21.76±1.25 kg were used; the animals were originally from farms of the region. The experimental design was completely randomized, with four treatments and eight replications, in which each animal was a replicate. The experimental period was 75 days, of which 12 were used for the animals to acclimate, and 63 days to collect the data, when the animals remained in a shed provided with feeding and drinking troughs.
Treatments
The experimental treatments consisted of waters with different levels of total dissolved solids (TDS): 640; 3,188; 5,740; and 8,326 mg/l, obtained using sodium chloride (NaCl), electrical conductor of 1, 5, 9 and 13 dS/m. To obtain the levels of mg/l of total dissolved solids, the unit 640, equivalent to 1 dS/m, was used, according to Marwick (2007) .
The solutions were prepared in four water tanks, utilizing a source of water from the water-supply system of Embrapa do Rio São Francisco, without chemical treatments, in which sodium chloride without iodine -commonly found in the market -was added to reach the electrical conductivity desired. The conductivities of the water from each treatment were read daily with a conductivity meter manufactured by Digimed ® , allowing for a difference of 5% from the limit of each treatment.
During the entire experiment, samples of water from each treatment were collected weekly and conditioned in labeled plastic bags and subsequently frozen until they were analyzed. The samples were sent to the Geo-Environmental Laboratory of Embrapa Semiárido, where chemical analyses for bicarbonate, chlorides, calcium, magnesium, potassium and sodium were conducted, and where the electrical conductivity, temperature and pH of the collected waters were also measured (Table 1) .
Feeding and experimental development
The diet utilized in the experiment was common for all treatments; it was composed of 50% of buffel-grass (Cenchrus ciliares) hay and 50% concentrate, which consisted of 69.31% ground corn, 29.79% soybean and 0.9% mineral mix. The diet contained the same amount of nitrogen and energy, on a dry-matter basis, to provide gains of up to 200 g/day (NRC, 2007) ; it was supplied twice daily, at 09h00 and 15h00. The amount offered was calculated based on the intake of the previous day, always considering orts of 10%. Samples of the feed supplied and orts were collected weekly and chemically analyzed at the laboratory. 
Laboratory methods
All the samples were analyzed according to the methodology described by the AOAC (1990) for dry matter (DM), crude protein (CP), organic matter (OM), ether extract (EE), acid detergent fiber (ADF) and lignin. In the analysis of neutral detergent fiber (NDF), the samples were treated with thermostable alpha-amylase, without using sodium sulfide, and corrected for ash (MERTENS, 1992) . The correction of NDF and ADF for the nitrogen compounds and estimate of the neutral and acid detergent insoluble nitrogen compounds were performed according to Licitra et al. (1996) (Table 2) . 
Determining the feeding behavior
To determine the ingestive behavior, the times spent feeding, ruminating and idle were recorded, also continuously observing the number of times the animal defecated, urinated and sought water. Seeking water was recorded as the number of times the animal reached the trough and ingested water, adopting visual observation of the animals at every ten minutes, for 24 hours, which was performed by trained observers in an alternation system, strategically positioned so as not to promote changes in the routine of the animals. On the same day, the number of cud chews (n/cud) and time spent per cud (s/cud) were counted with digital stopwatches. To obtain the average number of chews and the time, three cuds were observed in four different times of the day (12:00, 18:00, 00:00 and 16:00 h). The time and number of chews for every cud were recorded per animal.
The results regarding the ingestive behavior factors were obtained as follows: FE (g DM/h) = feeding efficiency, DMI (g DM/ day) = dry matter intake, FT (h/day) = feeding time, RE (g DM/h) = rumination efficiency, RT (h/day) = rumination time, TCT (h/day) = total chewing time, NC (n/day) = number of cuds, CTC (s/cud) = chewing time per cud (POLLI et al., 1996) , NCCD (n/day) = number of cud chews per day, NCC (n/ cud) = number of chews per cud (BÜRGER et al., 2000) ; GDM cud = grams of DM per cud, GNDF cud = grams of NDF per cud, NDM = number of daily meals and ADEM = average duration of each meal (CARVALHO et al., 2004) .
To calculate NDM and ADEM, only meals which lasted five or more minutes were taken into account, aiming to minimize errors of observation or from psychogenic traits of the animals, which at the moment of observation could be just smelling or biting the food, but these might not represent a meal. During the data collection, at the nocturnal observation of the animals, the environment was kept under artificial illumination.
Statistical analysis
The results were subjected to regression analysis on the SAS 9.0 software (2003).
Results and Discussion
The water salinity levels had no influence on the behavioral parameters (Table 3) , which can be explained by the fact that confined animals tend to present similar behavior, due to the permanence in individual pens, and by the similarity between nutrient sources in the diets (NOMURA, 2008) fed during the experimental periods, which contained the same ingredients, and the same protein and NDF concentrations. Alterations in the feeding, rumination and idle activities can be often verified in studies where the experimental diets vary in the fiber contents, as observed in an experiment conducted by Carvalho et al. (2006) , who supplied increasing levels of NDF from the forage in diets for dairy goats and found increase in the feeding and rumination times and decrease in the idle time. In Figure 1 we can observe that during the daily period, for all experimental treatments, the animals showed higher feeding peaks, with 25 and 30% for the periods of 06:00 to 11:00 h and 12:00 to 17:00 h, respectively, during 24 hours, which corresponded to the times of feed supply, which were precisely at 09:00 and 15:00 h. This is in agreement with the reports of Abijaoude et al. (2000) , who claimed that, in general, ruminants (goat, sheep and cattle) present two long feeding periods during the day, especially when kept confined. These results also corroborate Mendes Neto et al. (2007) , who also supplied a diet twice daily and observed that the ingestion period (75.68%) was longer during the day.
Over the 24 hours of the day, the animals preferred to ruminate in the early morning (00:00 to 05:00 h), because this was the time when the air temperatures were lowest, which promoted lower production of endogenous heat coupled to the rumination process. Another period of the day with higher percentage of rumination, although with lower intensity than the former, was the beginning of the day, from 06:00 to 11:00 h, which was exactly the period between the two daily meals. These results are in line with those obtained by Souza et al. (2010) , who worked with goats without defined breed and Santa Ines sheep and verified a more consistent rumination activity during early morning and beginning of the day for both studied species.
For the percentage of time idle, during the 24 hours of the day, the animals stayed idle longer from 00:00 to 05:00 h and 18:00 to 23:00 h, averaging approximately 60 and 65%, respectively, whereas for the daylight period the sheep showed shorter idle time, which was practically similar for all the studied treatments. The water intake via trough showed increasing linear effect, as can be observed in Table 4 . This is due to the concentrations of less toxic total dissolved solids present in the water, which can increase its intake without harming the animal physiology, due to the capacity of these animals to adapt to saline water (BOYLES, 2009 ).
According to the NRC (1985) , cited by NRC (2007), the total water intake (TWI) can be determined by the equation TWI = 3.86 × DMI -0.99, which does not consider the different salinity levels in the water, which tend to increase the water intake by the animals. However, the water intake of the sheep was different when applied to the equation, and the animals showed an average intake of 2,010 g/day, with large variation between the treatments, whereas the intake recommended by the NRC (2007) is 2,540 g/animal/day. These results indicate that even increasing the salinity in the water fed to these animals, they showed lower water intake than recommended by the NRC (2007), which demonstrates the adaptability of Santa Ines sheep to consume saline waters. There was no significant effect for the variables dry matter intake and neutral detergent fiber intake (g/day) in the crossbred Santa Inês sheep fed water with 640; 3,188; 5,740; and 8,326 mg/l of total dissolved solids (Table 4) .
The results indicate that saline waters with up to 8.326mg/l do not affect the DM or NDF intake of crossbred Santa Ines sheep. Contrasting with these results, Runyan and Bader (1994) reported that providing water with salinity levels above 8.0 to 11.0 dS/m to ruminants, including goat and sheep, should be restricted. It should be noted that the diet offered to the animals was common among treatments, i.e., the solid diet contained similar NDF levels, which did not result in differences in the DM and NDF intakes.
The feeding and rumination efficiencies, expressed in g DM/h, presented increasing linear behavior as the salinity of the water increased, although the solid diet offered to the animals was similar among all treatments, containing the same dry matter concentration. The results obtained may be attributed to the water salinity levels, since, according to Potter (1972) , Merino sheep fed hay along with consumption of saline water with 1.3% NaCl presented significant reduction in the dry matter present in the whole rumen content, and no change in metabolic activity, increasing the flow of the fluid and not the flow of the total digesta without affecting the degradation of solid particles of the diet. These same authors also observed, when the sheep were fed a pelletized diet and water containing 1.3% NaCl, that the results showed a significant drop in the dry matter of the whole rumen content, which was associated with an increase of 68% in the flow of the fluid, increasing the passage rate of the total digesta of the animals.
The rumination efficiency in g NDF/h was quadratically affected by the different salinity levels studied (Table 4) . As the NDF level in the diet was elevated, the use efficiency of these fractions (feed and rumination efficiencies) also increased, due to the greater difficulty to reduce the particle size, which in turn may cause the feed intake to reduce (CARVALHO et al., 2006) .
The variables grams of DM per cud and grams of NDF per cud were quadratically affected by the experimental treatments, demonstrating that these two variables are not influenced by DM intake and by rumination efficiency given that they behaved in different manners among the studied treatments.
The variables number of cuds per day, number of chews per cud and chewing time per cud had quadratic effects under the different treatments studied. With regard to the number of cuds per day, the sheep fed water with 640 mg/l presented higher number of cuds per day in relation to the other animals, which received water with 3,188; 5,740; and 8,326 mg/l. From the level of 3,188 mg/l of total dissolved solids, as the water salinity increased, the number of cuds per day increased as well, but not exceeding the average observed at the level of 640 mg/l total dissolved solids in the water. However, there was lower dilution of the ruminal fluid in the treatment with 640 mg/l. In the other treatments, there was greater dilution of the ruminal fluid of the animals, precisely because of the greater water intake as the water salinity was increased (Table 5) . intake. Besides, there may be effects associated with osmolarity, which results in increased fluid rate. In the present study, it was observed that the water salinity can increase the passage rate of the ruminal fluid, affecting the variables number of cuds per day, number of chews per cud and chewing time per cud.
The number of daily meals and the average duration of each meal did not show effects regarding the level of salinity in the water fed to these animals, which can be associated with the animals remaining confined and being fed twice daily. This is in agreement with the findings of Pereira et al. (2004) , who stated that confined ruminants fed two times a day have two mean meals after the supply of the diet, which last from one to three hours, in addition to the variable number of small meals in between them.
Increasing linear behavior was observed for the frequency of water intake, i.e., as the salinity of the water increased, its consumption did as well, which can be explained by the fact that under less toxic salts in the water, animals can increase their water ingestion (Table 6 ). Similar behavior to that found in this study was observed by Wilson (1966) , who evaluated the effect of different concentrations of salts in the diet and water fed to Merino sheep and observed increase in the intake of water when it contained greater concentrations of salts (2%), due to the higher volume required to excrete the salts. Assad and El-Sherif (2002) , however, working with sheep and camels in Egypt fed water with 280; 7,650; and 13,535 ppm of total dissolved solids found that both species increased water intake as the concentration of salts in the water was elevated, but the camels had lower relative average water intake (ml/100 kg body weight) than the sheep.
As can be observed in Table 6 , for the defecation frequency there was no significant difference among the animals receiving the different salinity levels. However, the number of urinations increased linearly among the treatments, which might have been caused by the mechanism of mineral excretion via the urine, in which animals excrete more urine if they ingest water with lower toxic minerals (chloride, bicarbonates and carbonates), which will allow for stability in the total amount of water in the body of the animals. Therefore, this increase in the frequency of urination as the levels of total dissolved solids in the water increased is explained by the attempt of the animal to maintain its homeostasis. However, alteration in urine excretion was probably caused by increase in the ingestion of water with greater concentrations of ions, which quenched their thirst as well as increased the blood flow in the kidneys in order to eliminate large concentrations of sodium and keep the total amount of water in the body and electrolytes in the animal organism relatively constant (REECE, 2006) . According to Araújo et al. (2010) , urine is an important vehicle through which water-soluble products from the metabolism can be excreted. Usually, when diets rich in protein and mineral are offered to animals, the urine flow tends to be higher.
Conclusions
Different levels of total dissolved solids (640, 3,188; 5,740; and 8,326 mg/l) in the water fed to sheep do not cause changes in their ingestive behavior. Water up to 8,326 mg TDS/ l can be an alternative strategic and seasonal use for watering crossbred sheep Santa Ines created in the semiarid region of Northeast Brazil.
